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A B S T R A C T

Purpose
We previously reported the eradication of human epidermal growth factor receptor 2 (HER2)–
amplified human xenografts in mice by inhibition of the HER2 pathway with lapatinib and
trastuzumab to block all homo- and heterodimer signaling as well as by blockade of estrogen
receptor (ER) when expressed. In this clinical trial, we sought to translate these findings to
patients using targeted therapy without chemotherapy.

Patients and Methods
Women with stages II to III HER2-positive breast cancers were eligible. They received trastu-
zumab once per week (4 mg/kg loading, then 2 mg/kg) and lapatinib 1000 mg once per day for 12
weeks. Women with ER-positive tumors also received letrozole (plus a luteinizing hormone–
releasing hormone [LHRH] agonist if premenopausal). Pathologic response was assessed by ER
status. Biopsies were obtained at baseline, weeks 2 and 8, and time of surgery.

Results
Sixty-six patients were enrolled, and 64 were eligible and evaluable for response. Median tumor
size was 6 cm (range, 1.5 to 30 cm). Adverse events were mainly grades 1 to 2 (GI, 63%; skin,
46%). Grade 3 metabolic, GI, and liver (18%; 12 patients) and grade 4 liver toxicities (one patient)
were also observed. Overall, in-breast pathologic complete response (pCR; ypT0-is) was 27% (ER
positive, 21%; ER negative, 36%). The rate of low-volume residual disease (ypT1a-b) was 22% (ER
positive, 33%; ER negative, 4%).

Conclusion
In patients with locally advanced HER2-positive breast cancer, our approach of targeted therapy
only resulted in a high pCR rate without chemotherapy. Our data support the hypothesis that
selected patients with HER2-positive tumors may not need chemotherapy, and more-complete
blockade of HER receptors and ER is an effective strategy worthy of further study.

J Clin Oncol 31:1726-1731. © 2013 by American Society of Clinical Oncology

INTRODUCTION

The human epidermal growth factor receptor 2
(HER2) is a member of a membrane tyrosine kinase
receptor family (ie, HER1-4). HER2 has no known
ligands, but other family members are activated by
11 different ligands.1-7 Ligand binding induces recep-
tor homo- and heterodimerizations, which activate a
phosphorylation signaling cascade. Downstream, the
pathway regulates transcription of genes crucial for
malignant progression, including cell proliferation,
survival, angiogenesis, invasion, and metastasis.1-4,6,8,9

HER2 is amplified or overexpressed in 20% to
25% of breast cancers and is an ideal treatment tar-
get because it is the major driver of tumor progres-
sion in these tumors. Half of these tumors are
estrogen receptor (ER) positive, and half are ER neg-
ative. HER2-overexpressing or -amplified (ie, HER2
positive) tumors have an aggressive behavior, with
rapid growth and frequent metastasis.

Targeted therapy with the humanized mono-
clonal antibody trastuzumab, which interacts with
the extracellular domain of HER2 to inhibit its func-
tion, is effective in the treatment of HER2-positive
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tumors. Studies have suggested that trastuzumab increases the effec-
tiveness of chemotherapy, and regimens combining trastuzumab with
cytotoxic agents have become standard.10,11 Adjuvant therapy com-
bining chemotherapy with trastuzumab has markedly improved out-
comes for patients with this subtype of breast cancer.12,13

The mechanism of action of trastuzumab is not completely clear,
but it is known to effectively inhibit signaling from HER2 ho-
modimers. However, it is only a weak inhibitor of signaling from
HER2 heterodimers with HER1 and HER3.14,15 The result is down-
regulation of signaling through the phosphoinositide kinase-3
(PI3K)/AKT pathway and the induction of apoptosis in human
tumors.6,8,16-19 Trastuzumab does not inhibit signaling by HER1 (epi-
dermal growth factor receptor [EGFR]) homodimers or HER1 het-
erodimers with HER3.20-22

Trastuzumab may also work in part by inducing antibody-
dependent cellular cytotoxicity. Although trastuzumab combined
with chemotherapy is effective in reducing the risk of recurrence in
patients, many HER2-positive tumors exhibit de novo or ac-
quired resistance.12,13

Many mechanisms for resistance have been suggested, including
downstream activation of the pathway by phosphatase and tensin
homolog (PTEN) loss, activating mutations in PI3K, or amplification
of cyclin E.23-27 In samples from two prior neoadjuvant trials, we
reported that PTEN loss and PI3K mutations were associated with
resistance to trastuzumab but not lapatinib.28

A short form of HER2 missing the extracellular domain, so-called
p95, is constitutively active and unresponsive to trastuzumab because
it lacks the trastuzumab-binding domain.29-31 Upregulation of recep-
tor ligands or the receptors themselves has also been proposed as a
mechanism of acquired resistance.32,33 Escape pathways such as ER or
insulin-like growth factor receptor signaling have also been implicated
in resistance.33,34

We previously hypothesized that one mechanism for resistance
to trastuzumab is incomplete blockade of the HER receptor layer of
the network because the drug does not block signaling from all HER
family dimer pairs that can also activate downstream signaling. We
also hypothesized that more-complete blockade of this major driver
pathway along with ER (an escape pathway) when expressed might be
effectively accomplished in the absence of chemotherapy.

Several drugs are available to inhibit the HER receptor layer more
completely than trastuzumab alone. Gefitinib and erlotinib are potent
kinase inhibitors of HER1.35 Pertuzumab binds to the het-
erodimerization domain of HER2 and blocks its interaction with
HER1 and HER3, but it does not block HER1 homodimers or HER1:
HER3 heterodimers.36 Lapatinib is a dual-kinase inhibitor (HER1
and HER2).37 We first showed in animal models that the three-drug
combination of gefitinib, pertuzumab, and trastuzumab, which
blocks signaling from all HER receptor homo- and heterodimer pairs,
is much more effective than any of the single agents or two-drug
combinations like trastuzumab and pertuzumab, and we reported that
the combination was capable of eradicating HER2-overexpressing xeno-
grafts in mice.38 Later, we showed that the two-drug combination of
lapatinib and trastuzumab was also effective in eradicating HER2-
overexpressing xenografts.39 Inhibition of HER1 activity was required,
even though this receptor is expressed at low levels in these models. In
ER-positive tumors, endocrine therapy with estrogen deprivation was
also required for optimal antitumor effects.38,39 Even-lower drug
doses and intermittent therapy with lapatinib and trastuzumab were

effective in eradicating most tumors.39 After these preclinical results,
we proposed a neoadjuvant clinical trial with lapatinib plus trastu-
zumab combined with endocrine therapy for ER-positive tumors.
Studies from other groups have also suggested that dual targeting with
lapatinib and trastuzumab is more effective than either one alone.40-42

PATIENTS AND METHODS

This study was conducted in collaboration with the Translational Breast Can-
cer Research Consortium. Institutional review board and scientific committee
approval were obtained at the lead site (Baylor College of Medicine) as well as
all other participating sites. Written informed consent was obtained from
all patients.

Eligible patients were women age � 18 years with histologically con-
firmed invasive HER2-positive breast cancer. HER2 positivity was defined as
overexpression by immunohistochemistry (3�) or amplification by fluores-
cent in situ hybridization. Breast tumors were required to be � 3 cm by clinical
measurement or � 2 cm with a palpable ipsilateral axillary lymph node
confirmed by two physicians.

Figure 1 shows the study schema. This was a multicenter single-arm
phase II study. All eligible patients received study treatment, which consisted of
lapatinib (Tykerb, supplied by GlaxoSmithKline [London, United Kingdom])
1,000 mg orally every day and trastuzumab 4 mg/kg loading dose followed by
2 mg/kg once per week. Patients whose tumors were ER and/or progesterone
receptor (PR) positive, as defined by the testing laboratory, were also treated
with letrozole 2.5 mg orally once per day (combined with LHRH agonist of
choice in premenopausal women). Study treatment was administered for 12
weeks. Tumor biopsies were collected at baseline, weeks 2 and 8, and end of
study treatment (surgical sample collection) for molecular studies.

If more therapy was deemed necessary after study treatment was
completed, patients were allowed to receive trastuzumab-based chemo-
therapy. Adjuvant therapy after surgery occurred at the discretion of the
treating physician.

Study goals were to measure the rate of pathologic complete response
(pCR; disappearance of all invasive tumor in the breast; ypT0-is) as well as
pathologic response rate, defined as pCR plus residual invasive disease of � 1
cm (ypT1a-b) at the time of surgery. Pathologic assessment of response was
assessed according to local institutional guidelines and practice. If patients did
not proceed to surgery or received additional neoadjuvant therapy before
surgery, they were considered as not achieving the primary end point of
pathologic response. We also assessed the safety and toxicity of the combina-
tion regimen.

The study was stratified by ER status (ER positive, ER negative) and
was designed to detect an increase in pathologic response rate (ypT0-is plus
ypT1a-b) from 10% expected with trastuzumab to 35% in each stratum,
using a Simon optimal two-stage design with one-sided alpha of 5% and
power of 85%. Both strata met criteria to continue to full accrual (at least
21 per stratum).

 Week Week Week Week Week Week Week Week Week Week Week Week
 1 2 3 4 5 6 7 8 9 10 11 12

BiopsyBiopsyBiopsy

Stage
II/III

HER2+
breast
cancer

Lapatinib + trastuzumab ± letrozole

Fig 1. Study schema. HER2, human epidermal growth factor receptor 2.
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RESULTS

Between June 11, 2008, and November 2, 2010, 66 women were
enrolled at the five sites (Baylor College of Medicine, Vanderbilt Uni-
versity, University of Alabama in Birmingham, University of Chicago,
and Mayo Clinic). One patient withdrew consent before starting treat-
ment and was excluded from further analysis. One patient turned out
to have an HER2-negative tumor (on further review by the local
laboratory) and was therefore included in the safety analysis but ex-
cluded from the efficacy analysis. One patient was found, after treat-
ment was initiated, to have been enrolled with a smaller tumor than
was allowed in the study (1.5 cm). She was included in the analysis
because she received treatment. Therefore, there were 65 participants
evaluable for safety and 64 evaluable for efficacy.

Patient characteristics are listed in Table 1. The median age was
49 years (range, 31 to 74), and more than half of the patients were
premenopausal. Enrollment reflected a diverse study population, with
22% being African American and 32% Hispanic. The study enrolled
patients with large tumors, with a median tumor size of 6 cm (range,
1.5 to 30 cm), and 62% of patients had tumors that were � 5 cm (25th
percentile, 4 cm; 75th percentile, 8 cm).

Table 2 summarizes the efficacy of the study treatment. The
overall rate of pCR in this nonchemotherapy-containing regimen was
27%. In the ER-positive group, pCR was 21%, whereas in the ER-
negative group, it was 36%.

The protocol-specified pathologic response rate (ypT0-is plus
ypT1a-b) was 49% overall. In the ER-positive group, it was 54%, and
in the ER-negative group, it was 40%. This shows that a subset of
patients derived substantial clinical benefit from the 12-week treat-
ment despite large initial tumor size, but some of them, especially
those with ER-positive tumors, still had minimal residual disease at
the time of surgery.

Overall, 89% of patients proceeded to surgery after comple-
tion of study treatment. The protocol allowed patients to receive
additional therapy before surgery if deemed necessary by the treat-
ing physician. Five patients (8%) received additional neoadjuvant
therapy before proceeding to surgery. Only two patients (3%)
experienced progression during study treatment. Both patients
had ER- and PR-negative tumors.

pCR in this study was defined as disappearance of invasive cancer
in the breast, which is the most common definition used in other
neoadjuvant trials. Table 3 also shows the rate of pCR defined as no
residual invasive cancer in the breast or axilla (ypT0-is; ypN0). Even
with this stricter definition of pCR, our targeted therapy approach
showed 22% of patients (ER negative, 28%; ER positive, 18%) with no
residual invasive cancer in the breast or axilla.

Sixty-five patients were evaluable for safety (Table 4). The study
treatment was generally well tolerated. Treatment was discontinued
because of toxicity in only 6% of patients. The most common toxicities
were diarrhea (grades 1 to 2, 63%; grades 3 to 4, 3%) followed by rash
(grades 1 to 2, 55%; grades 3 to 4, 1%), fatigue (32%), nausea (31%),
and elevated liver function tests (grades 1 to 2, 18%; grade 3, 5%; grade
4, 2%). Only one grade 4 toxicity was observed in the study (elevated
liver function tests), which completely normalized after 8 weeks.

Serial tumor biopsies were an integral part of this trial. Table 5
summarizes the rate of collection. A majority of biopsies were per-
formed successfully at the specified time points, despite the intense

Table 1. Patient Demographic and Clinical Characteristics

Characteristic No. %

Age, years
� 50 34 52
� 50 31 48
Median 49
Range 31-74

Race
White 48 74
Black 14 21.5
Asian 1 1.5
American Indian 1 1.5
Unknown 1 1.5

Ethnicity
Hispanic 21 32
Non-Hispanic 43 66
Unknown 1 1.5

Menstrual status
Premenopausal 35 54
Postmenopausal 30 46

ECOG status
0 61 94
1 4 6

Tumor size, cm
� 5 25 38
� 5 40 62
Median 6
Range 1.5-30

ER
Positive 40 62
Negative 25 38

PR
Positive 29 45
Negative 36 55

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ER, estrogen
receptor; PR, progesterone receptor.

Table 2. Pathologic Response Rates

ER
Status

pCR ypT1a-b NR
Total No. of

PatientsNo. % No. % No. %

Positive 8 21 13 33 18 46 39
Negative 9 36 1 4 15 60 25
Total 17 27 14 22 33 52 64

Abbreviations: ER, estrogen receptor; NR, nonpathologic response; pCR,
pathologic complete response.

Table 3. Pathologic Complete Response Rate in Breast and Lymph Nodes

ER Status

ypT0-isN0-3 ypT0-is N0

No. % No. %

Positive 8 21 7 18
Negative 9 36 7 28
Total 17 27 14 22

Abbreviation: ER, estrogen receptor.
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schedule of three scheduled biopsies over the course of treatment
(fourth time point was surgical specimen collection).

DISCUSSION

Normal cells contain several redundant networks of signaling proteins
that function to keep the cell alive when threatened by a noxious
environment. Cancers arise because of hyperactivation of one or more
of these normal proliferative and survival pathways through muta-
tions such as amplification of normal genes that then become onco-
genic.43,44 The oncogene-addiction hypothesis proposes that a cell
hijacks and hyperactivates a normal pathway to become malignant,
and then other potential survival pathways become unnecessary for
cell survival. These redundant pathways may be reactivated when the

driver pathway is inhibited. The hypothesis also suggests that if the
driver pathway is completely blocked, cells addicted to this oncogenic
pathway will die before reactivation of redundant escape path-
ways.43,44 Activation of HER2 in the mammary gland of transgenic
mice causes breast cancer, but shutting down the pathway by down-
regulating HER2 causes complete tumor eradication, with few tumors
re-growing by reactivation of another survival network.38,39,45

Here, we show in a neoadjuvant clinical trial in patients with large
locally advanced HER2-positive tumors that a potent cocktail of drugs
that more completely blocks the HER network causes pCR in the
breast in a substantial percentage of patients. Achieving this rate of
pCR with targeted therapy only and without using chemotherapy is
noteworthy and clinically meaningful. The rate of residual invasive
disease of � 1 cm (ypT1a-b) in the ER-positive subset of 33% is also
substantial because ER-positive tumors regress more slowly than ER-
negative tumors, and it is possible that treatment beyond the 12 weeks
studied here would result in a higher pCR rate even in these tumors.
We are currently investigating this hypothesis in an ongoing follow-up
study. Although pCR is associated with long-term favorable outcome
of patients with ER-negative/HER2-positive disease, this end point
may not accurately predict outcomes in ER-positive/HER2-positive
tumors. The data suggest that there may be a subset of patients with
HER2-positive breast cancer who do not need chemotherapy, a hy-
pothesis that requires further study and the identification of biomark-
ers to help select the appropriate patients.

The results of our clinical study using lapatinib, trastuzumab, and
endocrine therapy in the ER-positive subset were predicted by our
preclinical observations.39 We had previously shown that a regimen
that more completely blocked the pathway was effective in xenograft
models and that the combination of trastuzumab and lapatinib was
more effective than either of the single agents alone.38,39 Results of our
earlier clinical trials indicating that the mechanism of action of trastu-
zumab and lapatinib is likely to involve different signaling pathways
support these findings.28 We also demonstrated the efficacy of potent
HER-pathway inhibition with the combination of trastuzumab and
pertuzumab in preclinical models, which was more effective than
either agent alone. However, its efficacy was further enhanced signif-
icantly by adding gefitinib to inhibit EGFR (HER1), even though
EGFR is barely detectable by Western blot in these tumors xeno-
grafts.38 We also showed that blocking ER simultaneously with HER2
was required for eradication of tumors in mice, demonstrating that ER
can function as an escape pathway in some tumors.38,39

The results of NeoSphere (A Randomized, Open Label Study to
Compare the Complete Pathological Response Rate Achieved With 4
Combinations of Herceptin, Docetaxel and Pertuzumab in Patients
With Locally Advanced, Inflammatory or Early Stage HER2 Positive
Breast Cancer), a neoadjuvant clinical trial using trastuzumab and
pertuzumab alone or in combination with chemotherapy in patients,
were recently reported.46 The study showed the in-breast pCR rate in
the biologic therapy–only arm (trastuzumab and pertuzumab with-
out chemotherapy) to be 6% in ER-positive/HER2-positive tumors
and 29% in ER-negative/HER2-positive tumors using the same pCR
definition.46 This regimen does not inhibit EGFR activity, and the regi-
men did not contain hormonal therapy. On the basis of data from pre-
clinical models, it is plausible to speculate that the efficacy of the regimen
might have been enhanced if it had targeted EGFR and ER as well. In
essence, these cumulative laboratory and clinical findings support the

Table 4. Adverse Events

Adverse Event

Grades 1 and 2 Grades 3 and 4

No. % No. %

GI
Diarrhea 41 63 2 3
Nausea 20 31 0 0
Heartburn/dyspepsia 12 18 0 0
Mucositis/stomatitis 13 20 0 0

Hepatic
ALT 13 20 3 5
AST 9 14 4 6
Alkaline phosphatase 8 12 0 0
Elevated bilirubin 4 6 1 2

Skin
Rash 36 55 1 2
Dry skin/other 12 18 0 0

Constitutional
Fatigue 21 32 0 0
Hot flashes 10 15 0 0
Anorexia 4 6 0 0

Laboratory
Anemia 14 22 0 0
Hypokalemia 11 17 0 0
Hyperglycemia 10 15 1 1.5
Hypocalcemia 5 8 0 0
Hyponatremia 6 9 0 0

Other
Mood alteration 8 12 0 0
Hypertension 6 9 1 2
Insomnia 7 11 0 0
Taste alteration 5 8 0 0

Table 5. Biopsy Sample Collection

Time Point

Biopsies Performed

No. %

Baseline 61 95
Week 2 57 89
Week 8 50 78
Total 168 88

Neoadjuvant Lapatinib and Trastuzumab in HER2-Positive Breast Cancer
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hypothesis that complete blockade of the HER receptor family in HER2-
positive breast cancer, along with targeting of ER simultaneously when
coexpressed, may be necessary for optimal therapy.38,39

The first results of the neoALTTO (Neo-Adjuvant Lapatinib
and/or Trastuzumab Treatment Optimisation) trial, a large random-
ized neoadjuvant trial of lapatinib, trastuzumab, or their combination
with paclitaxel, have also been reported. This trial showed a much
higher pCR rate with lapatinib plus trastuzumab combined with pac-
litaxel (ER positive, 42%; ER negative, 61%) than with lapatinib (ER
positive, 16%; ER negative, 34%) or trastuzumab alone (ER positive,
23%; ER negative, 36%).47

Data from both these two large trials lend further support to the
idea that targeting HER2-positive tumors with multiple agents to
more effectively block the network will produce better results. They
also demonstrate that chemotherapy adds to the benefit of targeted
therapy in a substantial number of patients.

However, if pCR in neoadjuvant trials predicts long-term out-
come, as supported by several studies, then our data do suggest that a
sizeable subset of patients with HER2-positive tumors, if they can be
identified a priori or selected by response to neoadjuvant targeted
therapy, may not require chemotherapy. Biomarkers that may distin-
guish patients who do not require chemotherapy need to be deter-
mined and are now being studied in samples from this neoadjuvant
trial. These tissue correlative studies are additionally focusing on alter-
native survival pathways known to be associated with resistance to this
combination regimen and may yield new potential targets to reverse
this resistance in patients.

Our endeavor to identify these biomarkers will be facilitated by
the fact that we were successful in acquiring most serial tumor biopsies
from study participants at various time points. Biomarker analysis is
being currently performed on these samples. Our study demonstrates
that neoadjuvant clinical trials with intense biopsy schedules are fea-
sible and can play an important role in the development of new
treatments and biomarker discovery.

This trial is unique in many other aspects. It enrolled patients
with large breast tumors and yet showed meaningful efficacy of our
approach. It also had a strong representation of minority patients who
are more likely to have locally advanced breast cancer.

Our study may be limited by its single-arm phase II design; its
results need to be validated in a larger setting. However, to our knowl-
edge, this multicenter trial resulted in the highest rate of pCR to date
using targeted therapy only and is the first one using this combination
in the absence of chemotherapy. Its results raise the prospect of sparing
a subset of patients in the future the toxicity and cost of chemotherapy,
a worthy and meaningful goal.
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